With the rapid increase in population in India (16.7% of world population in 2.4% of world surface area, Indian Census 2001) the demand of water for irrigation, human consumption and industrial use has increased considerably. There has been a steady increase in the amount of waste water production from urban communities and industries.
INTRODUCTION
tion of waste water through soils into aquifers to recharge the ground water. The use of sewage effluents as a cheap source of irrigation, essential plant nutrients and organic matter for sustaining high levels of crop production acquires a greater significance in areas of water shortages.
The liquid waste like sewage and sludge contains large quantities of plant nutrients and are used for growing sugarcane, vegetables and fodder crops in many large farms. Reuse of sewage as irrigation water is one of the best options to reduce the stress on limited fresh water available today and to meet the nutrient requirement of crops . (Malla R,2006) There is population pressure in the Uttar Pradesh, estimated more than Pakistan's population (Indian Census,2001) .Allahabad city in which India has expanded two to three fold during last fifteen years. Due to population pressure, new townships across the river Yamuna and Ganga have also been developed. The residents of these areas are entirely dependent on vegetables, cereal crops and fruits grown around the industrial establishment. Effect of sewage on the uptake of micronutrients in grain, straw and different parts of the plant (Zimakov and Zakharora,1984; Miller,1986) and impact of sewage irrigation on yield Lutrick,1982; Tiwana and Puri,1985; Unger and Fuller,1985; Tumarkar and shinds,1986 ) have also been studied.
According to the report of USEPA (1992) effluents are reused for irrigation purposes in many countries around the world on all the populated continents. Metabolic activity of soil microorganisms have also been reported to increase when sewage effluent is used for irrigation (Meli et al., 2002; Ramirez-Fuentes et al., 2002) . The other important aspect is that it contributes in reducing the stress on the amount of water that needs to be extracted from environmental water sources (USEPA, 1992; Gregory, 2000) for various purposes like for agriculture. Paliwal et al. (1998) irrigated H. binata seedlings with different concentration (0, 25, 50, 75 and 100%) of sewage for 75 days resulting metals in soil. Keeping in view the necessity of sewage water irrigation with the increasing pressure of population and enhanced demand for vegetable production in the project area, it has become necessary to evaluate the impact of sewage water irrigation combined with normal water to reduce the health hazards and to get optimal yield.
MATERIALS AND METHODS
The present investigation was carried out during the year (2001) (2002) Four levels of sewage irrigation water in conjunction with normal water at 25% sewage,50% sewage,75% sewage and 100% sewage were applied to the field and the water samples were analysed as per the method advocated by Jackson(1967) and the mean values as shown in the Table 1 .
Application of irrigation water
The irrigation was applied as per evapo-transpiration need of radish crop. The open pan evaporation data was collected from the Bamrauli Meteorological Station; Allahabad, India for the period of five years. The crop was irrigated when the sum of the daily mean of pan evaporation reached approximately to a pre determined value obtained by the following equations.
Net irrigation requirement, mm = Rooting depth (m) X plant available soil moisture (mm/m) X readily available soil water in fraction.
The measured quantity of tube-well water in conjunction with sewage water was supplied by the portable garden pipes from the water mixing tank.
Irrigation production efficiency
Irrigation production efficiency is given in terms of ratio of marketable yield in kg per hectare to total depth of water in cubic meter per hectare and is measured in kg/m 3 . It is calculated by the following formula Figure 1 shows the variation in total yield of radish crop as influenced by various irrigation treatments. The maximum yield was observed for T 4 (fully sewage irrigated) and the lowest was achieved by T 1 (75% tube-well water and 25% sewage irrigated) as compared to control plot T 0 (tube-well water). It was observed that the highest yield was obtained by treatment T 4 (34.88t/ha) followed by T 3 (32.9 t/ha). Poletseny (1974) reported that the yield of radish increased from 6.02t-7.46t/ha by application of sewage on previously well fertilised soil. Nielson (1989) also reported that the yield with effluent irrigation was greater than or similar to yield obtained with well water. The lowest yield(27.65t/ha) was given by treatment T 1 .Table 2 also shows the maximum increase in yield of plot T 4 and this was 32.2% increase over control plot(T 0 ).The result was found significant due to treatment and critical difference (CD T ) value which found to be 0.2653
RESULTS AND DISCUSSION

Irrigation production efficiency
The different irrigation treatments had significant effect on water use efficiency of radish. The water use efficiency was found to be significantly high (38.40kg/m 3 ) when sewage water was ap- plied. The irrigation production efficiency increases significantly with the increase in sewage water content in irrigation water (tube-well). It can be observed from the Figure 3 that the highest irrigation production efficiency was achieved by treatment,T 4 (38.40kg/m 3 ) and the lowest in T 1 as compared to control plot,T 0 (29.02kg/m 3 ).The maximum(32.32%) increase in water use efficiency was found for plot T 4 (fully sewage irrigated) over the control plot T 0 .Irrigation with sewage water(T 4 ) only gave a significantly higher water use efficiency(38.4Kg/m 3 ) due to higher marketable yield(34.88t/ha) followed by T 3 (32.9t/ ha),T 2 (29.75t/ha) and T 1 (27.65t/ha) respectively. 
TREATMENT
Constituents
Note: 1 US$ ~ INR 42
The irrigation production efficiency was found to decrease considerably with the decrease in sewage water content in irrigation water.
Quality of water and marketable yield component
Neilson (1989) reported higher yields of vegetables irrigated with municipal waste water. Mani (1990) also found that there was a considerable increase in yield of green vegetables (spinach) after using the sewage water for irrigation. Gupta (1993) found that the grain and straw yield of wheat increases with the application of sewage sludge and Al-Nakshalbandi(1997) reported that the egg plant production under fresh water irrigation. Thus the finding of the present investigation is in line with that of the above researchers.
Microbiological tests
The microbiological tests for radish plant grown under various treatments showed that there were significant increase in the number of counts of pathogen and fungi above the water having 50% sewage water content although the presence of 
Statistical analysis
Three factor randomized block design has been used for the analysis. The results obtained through Analysis of Variance (ANOVA) for the yield, plant height, girth and length was significant. (Table 3) CONCLUSION Sewage irrigated plot produces remarkably higher yields. Maximum yield (34.88t/ha) was recorded in plot T 4 and the minimum in plot T 1 (27.65t/ha) as compared to control plot T 0 (26.36t/ha). There was a significant difference of water saving in terms of irrigation production efficiency for different irrigation treatments of radish crop. The highest value of irrigation production efficiency was achieved in T 4 (38.4kg/m 3 ) and the lowest in The cost of production per hectare was the lowest US$474.54 for sewage water (T 4 ) irrigated plots. Sewage water for irrigation also gave the higher cost benefit ratio and cost and benefit ratio was to decrease with the increase in volume of tube-well water. Irrigation with sewage water also resulted in the highest value of irrigation production efficiency, gross return, net return and benefit cost ratio. The above values were found to decrease with increased volume of tube-well water and vice-versa. It was observed that the yield of radish plant increased with the increase of percentage of sewage irrigation water. Irrigation production efficiency was found to be maximum at 100% sewage irrigation. Use of 100% and 75% sewage irrigation water is however not safe due to higher counts of pathogens. Although 50% and 25%sewage water can be used successfully without harm.
